This paper presents a method to model the influence of glottal excitation on STRAIGHT spectrum by fitting the spectral envelop with mixture of Gaussians (MOG). The first Gaussian component is used as estimation to glottal formant in STRAIGHT spectrum because analysis result shows that it has an obviously stronger correlation with fundamental frequency than other spectral components and has similar characteristics with glottal formant. Then linear regression is carried out to measure the relationship between Fo and the parameters of the fust Gaussian component. This model is applied to STRAIGHT synthesis process and proved to be effective in compensating the voice quality variation caused by pitch modification.
INTRODUCTION
STRAIGHT (Speech Transformation and Representation using Adaptive Interpolation of weiGHTed spectrum) [I] . as a high-quality VOCODER-type analysis-synthesis method, has been presented in recent years. This analysis process is based on fundamental frequency extraction using TEMPO (Time-Domain Excitation extractor using Minimum Perturbation Operator) [2] and pitch adaptive spectral smoothing in both time and frequency domains.
The synthesis process is implemented by passing a serial of impulse excitations with pitch period intervals through a time vaving filter which is calculated from the smoothed spectral envelop. By manipulating the pulse positions in excitation, flexible prosody modification is realized [ 11.
In the framework of STRAIGHT analysis and synthesis, the excitation consists of only pitch information. Therefore the smoothed spectral envelop is the integration of both spectral presentation of glottal waveform and vocal tract transfer function according to general speech production hypothesis. Here a method for measuring the effect of glottal excitation on STRAIGHT spectral envelop is presented for the following two purposes, while the work introduced in this paper focuses on the fmt one: I. It has been proved that some spectral characteristics of glottal waveform are dependent on not only the parameters that defme phonation type or voice quality, such as OQ, SQ, but also the fundamental frequency of glottal source [3] . By modeling the effect of Fo on STRAIGHT spectrum, the pitch modification during STRAIGHT synthesis can be improved. 2. By decomposing STRAIGHT spectrum into sourcedependent components and source-independent components, we can provide an altemative for voice quality modification under STRAIGHT framework. The mixture of Gaussians (MOG) model [4] [5] is a speech spectral modeling method. Compared with linear predictive or cepstral coeficients, its parameters have more obvious physics meanings in fitting spectral peaks and are more independent kom each other. So it is introduced here to estimate the glottal formant in STRAIGHT spectrum. In the following part of this paper, an introduction to the method is presented in section 2. Section 3 gives experiment results and related analysis. Section 4 and 5 are discussions and conclusions. spectral tilt will be added to the spectrum of glottal flow above a specific cut-off frequency. For STRAIGHT, the effects of both glottal formant and spectral tilt are embodied in the 2-dimentional smoothed spectral envelop.
. . Effect of glottal formant in STRAIGHT spectrum
Glottal formant is the emphasis of our research work because of its linear relationship with fundamental 6equency as described in Eq.1. In the general STRAIGHT synthesis process, the spectral envelops at pulse positions are extracted without adjustment to construct filter and synthesize the output speech no matter whether pitch information is modified. That means the glottal formant would not vary with the modification of Fe. However, it can be concluded from Eq.1 that a fved F, with modified FO would cause the variation of some important source parameters, such as OQ, RK, which determine the phonation type of synthesized speech. Therefore, it is important to find a method to measure glottal formant in STRAIGHT spectrum and adjust relative spectral parameters when Fo is modified. STRAIGHT analysis would be a spectral peak at lower frequency than the fmt formant. Figure 1 shows one frame STRAIGHT spectrum (real line) of vowel /a/ in Mandarin Chinese pronounced by a female speaker and sampled in 8kHz. For female speakers, the first formant of /a/ is generally above IOOOHz, so the first spectral peak in Figure I demonstrated the existence of glottal formant in STRAIGHT spectrum. When analyzed vowel has low fust formant, such as lii, Id, or high Fo, the peak presenting glottal formant in STRAIGHT spectrum will be merged with the fust formant. So it is necessary to fmd a reliable method to extract the spectral component corresponding to glottal formant.
Model the glottal effect using MOG

Mixture of Gaussians (MOG) [4][5]
is introduced here to model the glottal formant in STRAlGHT spectrum. MOG is a spectral modeling method and fits the histograms representation of speech spechum using the following equation:
where s (~) is the modeling result for normalized spectral envelop, k is the number of Gaussian mixtures. wi ,ui ,of present the weight, mean and variance of each Gaussian component. By considering the spectral envelop as a probability density function, these model parameters can be solved using a form of the Expectation Maximization (EM) algorithm [4] . Figure 1 shows the result of modeling one spectral envelop with MOG, where the dashed line presents the modeled spectrum and the dotted line presents the f m t Gaussian component, which is used to fit glottal formant.
In the next section, the result of OUT experiment proves that the first Gaussian component is able to capture the characteristics of glottal formant no matter whether the spectral peaks merge or not. For each syllable, the pitch contour and spectral envelop are analyzed by STRAIGHT and 3 continuous frames of spectrum with 10 ms interval are extracted from the middle part of each vowel. Then for each frame of spectral envelop, the MOG parameters are calculated.
EXPERIMENTS AND ANALYSIS
Here, the speech waveforms are resampled to 8kHz and the number of mixtures is set to 8. The result of correlation analysis between FO and the first Gaussian component parameters for 5 simple vowels is shown in Table 2 .
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The result of correlation analysis between Fo and selected from the speech database mentioned in section 3.1. This segment is sampled at 8kHz and the pitch is modified to half of the original value using STRAGHT.
The iterative adaptive inverse filtering (IAIF) 171 method is used here to estimate the glottal source From synthesized and modified speech. The estimated glottal waveforms and their spectrum are presented in Figure 3 . Because STRAlGHT discards original phase information during analyr;is-synthzsis process, the shape of estimated glottal wavefoniis in Figure 3 is not like t hhe general glottal pulse described by LF model any more. However, it still can be observed from Figure 3 has closer voice quality to (A) and sounds more natural. Fo but also phonation type. Here the phonation type of analyzed speech is partly presented by specific LR model mentioned in section 3.2. If the LR model is adjusted, the glottal formant can be modified to synthesize different voice quality. Besides, the spectral tilt of glottal spectrum can also be modified by adjusting the weight of each Gaussian component in MOG. To realize the modification of voice quality under STRAIGHT framework is the goal of our further research.
CONCLUSION
MOG model is introduced into modeling STRAIGHT spectral envelop to measure the effect of glottal source on speech spectrum. Experiments show that the mean and standard deviation of the first Gaussian component have high correlation with Fo and can be used to estimate glottal formant. After a LR model is constructed to predict these MOG parameters based on Fo, a pitch modification experiment is conducted. The result demonstrated that by adjusting spectral parameters properly, the STRAIGHT synthesizer can obtain better performance in maintain the phonation type of reconstructed speech during pitch modification.
